Humans identify four 'unique hues' -blue, green, yellow and red -that do not appear to contain mixtures of other colours. Unique yellow (UY) is particularly interesting because it is stable across large populations: participants reliably set a monochromatic light to a stereotypical wavelength. Individual variability in the ratio of L-and M-cones in the retina, and effects of ageing, both impact unique green (UG) settings [1, 2] , but cannot predict the relatively small inter-individual differences in UY [2, 3] . The stability of UY may arise because it is set by the environment rather than retinal physiology. Support for this idea comes from studies of longterm, artifi cial chromatic adaptation [4, 5] , but there is no evidence for this process in natural settings. Here, we measured 67 participants in York (UK) in both the winter and summer, and found a signifi cant seasonal change in UY settings. In comparison, Rayleigh colour matches that would not be expected to exhibit environmentally driven changes were found to be constant. The seasonal shift in UY settings is consistent with a model that reweights L-and M-cone inputs into a perceptual opponent colour channel after a small, seasonallydriven change in mean L:M cone activity.
Sixty-seven participants (45 female) were tested in winter and summer (see Supplemental Information). Participants made Rayleigh matches and central and peripheral settings of UG and UY using a Wright colorimeter [6] . All measurements were made in a dark room while participants rested on a chin support. The colorimeter was recalibrated for each season with a fi bre-optic photospectrometer ('Jaz', Ocean Optics, FL) operating at 2 nm resolution with a 30° integrating lens. For the Rayleigh matches, participants adjusted the radiance of red (666 nm) and green (555 nm) primaries to match a yellow reference light (585 nm), in a 1.33° x 1.33° bipartite fi eld. Seven Rayleigh matches were averaged and converted to log(R/G) using the relative radiance of the red (R) and green (G) primaries.
For the UG and UY settings, participants adjusted a 0.67° x 1.33° monochromatic fi eld until it was perceived as the specifi ed unique hue, with UG appearing neither yellowish nor bluish, and UY appearing neither reddish nor greenish. Peripheral settings were obtained by fi xating on a small, dim LED placed at 6.5° to the right of the stimulus, to remove any effects of macular pigment [7] . In addition, a 4 Hz square-wave fl icker was applied to reduce Troxler's fading in the periphery. Participants carried out six repeats of each adjustment from randomised starting values. The fi rst trial from each set of six was removed prior to averaging, as it was found to differ signifi cantly from the fi ve remaining stable trials (see Supplemental Information).
A claim, by Richter (as described in [8] ), that Rayleigh matches change with season was subsequently explained by the effects of lab temperature on optical devices [8] . We therefore measured our laboratory's temperature in both seasons and found that it was comparable (winter, 24.08 ± 1.70 (°C); summer, 24.07 ± 1.63). No correlation was found between any of our behavioural measures and lab temperature.
The mean differences between seasons for both eccentricities of UY and UG, and for the Rayleigh matches, are plotted in Figure 1 , with 95% CI error bars (see also Table S1 in the Supplemental Information).
A univariate repeated measures ANOVA with the dependent variable of wavelength and factors of season, eccentricity and unique hue type showed a signifi cant interaction for unique hue type with both season (F(1,66) A signifi cant main effect of eccentricity was also found for both UY (F(1,66) = 9.49, p = 0.003) and UG (F(1,66) = 11.64, p = 0.001).
Post hoc paired t-tests with Bonferroni correction showed that UY wavelength settings decreased signifi cantly between winter and summer (central: t(66) = 3.07, p = 0.012; peripheral: t(66) = 4.37, p < 0.001). No signifi cant changes in UG or Rayleigh matches were observed (see Supplemental Information).
UY is often modelled as the 'null point' of an opponent red/green channel. The position of the UY wavelength depends on the weighting assigned to the L and M-cone inputs to this opponent stage [4] . Altering the cone weightings therefore changes UY. We hypothesised that an increase in the ratio of M-to L-cone activations might occur in summer due to an increase in medium wavelength rich ('green') light refl ected from vegetation [9] . This, in turn, may lead to a seasonal decrease in the relative sensitivity of M-to L-cone outputs in summer as the pathway alters its sensitivity to adapt to this increase in green light.
We modelled the shift of foveal UY wavelength settings (assuming 2° cone fundamentals [10] ) by changing the weighting of the M-cone input to a putative L-M opponent stage in a manner consistent with the hypothesis above. Our model predicts a shift in UY of the same sign as the one observed in our data ( Figure S1 in the Supplemental Information). To produce the observed shift, our model required a decrease in the relative M-cone weighting of ~3.2%. It remains to be seen whether this is consistent with the seasonal changes in natural scene statistics experienced by our participant population. The same normalisation model predicts ~0.14 nm shift of UG settings (see Supplemental Information). If such a change in UG were present in our participants, it would lie within the noise of our current measurements.
Neitz et al. [4] have shown that UY wavelength settings shift to shorter wavelengths during adaptation to an artifi cially induced green environment, matching the direction of shift observed here, and they propose a renormalisation model similar to the one we employ. The average UY shifts we observed were at the lower end of the range reported by Neitz et al. [4] (~1.3-4.6 nm), which was expected due to the larger, artifi cial colour bias used in their study.
In summary, we found that UY settings shifted to shorter wavelengths in summer compared to winter. The absence of a change in Rayleigh matches suggests that our result was not caused by calibration errors or instrumental bias. The shifts in UY may, however, be explained by longterm normalisation of cone outputs due to seasonal variation in the environment. 
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